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We Gbnbral Eubctric Company, a 
Conxiatioa of the State of New York, Umwd 
States of America, hamg ifi ^mct.^ 
Scheaectady 5, State of New York, Umtod 
States of America, do hcrcbF declare the 
invention, for wiiich wc pray Aat a I»teQt 
may be granted to «s, and the method by 
wbkh it te to be performed, to be particularly 
described in and by the foUowing state- 
ffluent:— 

The invention relates to mi^irovements m 
dynamo-electric machines and has particdar 
4nificance in ocmnection widi ventilating 
arrangements for cote members (be mey for 
the rotor or stator) of turbine generators. 

CcHivcntionally, generators adapted to be 
driven by ateam turbmes to simply large 
amomits of power eadi having a stationary 
outer core member havmg slots amtainmg an 
armattne windhig adapted to provide ax. out- 
put when csdlation is provided by a rotw 
core member havmg dots oantainmg a fidd 
exdtmg winding energized by dujea curroat. 
The li^iger ^ cores and the windingSj wc 
more difficult it is to force the reamate cool- 
ing gas toward the aadal centre, and one o f die 
principal limiting factors afiectmg the outpnt 
of such large madiines is the temperature rise 
of the a^per conducairs making np ti» 
stator and rotor whxdings. In the past, tins 
temperature rise has been affected by the d iick- 
ness and nature of the insulatitMi sarrotmding 
the conductors. Unfortunately, a relatively 
good electrical insulator is a relatively poor 
thermal conductor, and if excessive current 
values force condudDr temperature rise too 
high, tempemture deterioration of the di- 
electric diaractcristics of the insulation may 
be so rapid as to cause premature electrical 
failures. Aiiany times during the past forty 
years, attempts have been made to place a 
cooling me<£um inride tiie insulating jacket 
whidi surrounds the metallic oondiitor so 
that a much lower temperature rise of 
insulation can be realized because the heat will 
not have to pass through the msulation. Thus, 
it has been suggested that holes be provided 



longimdmally through the centre of each con- 
ductor, but it has been found that tins 
arrangement makes it very difficult to get the 
cooling gas in and out of the bores so provided 
in die conductors. Likewise, it has previously 
been suggested tiiat the sides of the conductors 
be hollowed out, adjacent tiie insulation, but 
all such prior art arrangements with which we 
are familiar have caused difficulties 
associated with great length of ventilating 
medium ttavcl from one end of the core to 
the other. 

It is an object of the present mventum to 
provide simple and inexpensive means for 
overcoming the above-mentioned difficulties. 

A further object of the present mvention is 
to provide improved ventilation and heat 
dissipatioa means for use in a dynamoelectric 
madiine core member to increase the rating 
of a machine of given dimensions or, alter- 
natively, decrease die required dimensions for 
a macfahie of the same rating. 

A still furdier object of die present irtvoi- 
tion is to provide an arrangement for within- 
the-msdation-ventilation of dectrical con- 
ductors occupying slots of a dynamodectric 
machme core member, which arran^mient will 
permit a more uniform and better distribution 
of cooling gas through the core and adjacent 
the conductor material, thus m a k ing it possible 
to CGOstnict a m^diip^ of smaller size for a 
comparable rating than is possible when 
using other ventilation arrangements hereto- 
fore proposed. 

Briefly stated^ in accordance with die mven- 
tion, the aides of the conductors in the rotor 
or stator are cut out to provide axial grooves 
(Leaving axial tongues) between the conductor 
bar material and the slot insulation, means 
are provided for introdudng cooling gas to the 
axial grooves from favourable high pressure 
gas areas, such as at the ends of the grooves, 
and radial passages are arranged to extend 
through tlie adjacent core teetih between the 
axial grooves and die core face bordering the 
air gap for discharging the gas from the axial 
grooves. 



50 



55 



60 



«5 



70 



75 



80 



85 



90 



2 



The mycntion itself, however, bo± as to its 
organization and method of operation, 
together, with further objects and adv^tages 
thereof, may be understood by reference 
5 to the following description taken in connection 
with the accompanying drawing in which : 

Hg. 1 is "a sectional view in perspective of 
a portion of a turbine g^ieiatxir slotted rotor 
provided with the conductDr elements of a 
10 lotor wmding and constructed in accordance 
with the present invention; 

Fig. 2 is a perspective view of one of - iiie 
oondnctor bars shown in F^. 1 j , 

Fig. 3 is a side devational view, pardy 
15 broken away, of a turbine gen^tor provided 
with a rotor having a construction such as that 
illustiated in Fig. 1 along zones at the opposite 
ami ends tiiereof and having a different am" 
stniction in a middle zone; 
20 Fig. 4 is a diagramnlaitLC xepiesentation of 
ventilating gas flow through the centre zone of 
the rotor :and ttiiQugh the light-hand end zone 
thereof; 

Fig. 5 is a cutaway view in peifq)ectlve of 

25 the construction of a piortbn of the slotted 
rotor core and conductors therein in the 
centre axial zone as indicated in Figs. 3 and 
4. ■■ ^ 

Referring now to Fig. 1, we have $hown me 

30 invention in connection widi ia portion of a 
large turbine generator rotor comprising an 
annular magnetic core 11 which may be a latge 
forging well over 10 ft in length and 3 ft in 
diameter and provided with axiaHy ex tending 

35 wmding slots containing a rotor winding made 
up of superposed individual conductor bars 12 
arranged in the stots and ads^ted to be 
energised in a conventional inanner (sudi as 
through slip rings, not shown). 

40 Conductor bars 12 are so shaped as to have 
imal grooves or openings 13 in their sides 
ihrou^ which cooling gas may flow, as 
indicated by arrows 14, in contact with liie 
conductor proper and within outer or slot 

45 jnsulatioii 15. The cooling gas, which may be 
assumed to be hydrogen, is introduced into 
the grooves 13 at each end of die rotor, as 
herehiafter explained in coimcction with Fig. 
3, and travels axially along these conductor 

50 openings until it meets one or more exits. The 
exits comprise a suitable arrangement of 
shallow and deep radial holes 16, 17 
(respectively) drilled iii the tooth portions 
between the wmding slots and at axially 

55 spaced intervals, for example, every 12 ,in., 
with the holes being staggered between t^th 
as indicated in Fig. 1. The grooves 13 in the 
conductor bars 12 Ica^ top- and bottom 
tongues 19 which are cut away to provide 

60 rectangular exit areas adjacent these radial 
holes, and, although other suitable arrange- 
ments can readily be envisioned, as seen, in 
Fig. 2, each bar tongue is alternately ciit away 
for a small extent 20'and a greater extent 21 

65 in a repetitive pattern along the axiai length 



of the conductor. One suitable arr^uigcment of 
shallow holes 16 and deep holes 17 is 
pictured in Figs. 1 and 4 and compile' alter- . 
hately a hole 16 of lesser length and > hole 17 
of greater length, and the conductor bars are 70 
stadced so that at each shorter, thrdugh-the- 
tooth radial exit 16 thae is a lower group of 
conductors having axial ^ort cumut portions 
20 with a superimposed top grot^ of con- 
duaors having a longer cutout portiqn. 21. At 75 
.sudi a point, the flow of ventilating medium 
. is upward through the .shcrter cutoms .20 of 
the lower group of conductors and upward and 
downward throi^ the longer cutoms 21 of 
the upper group of conductors and then tan- 80 
'gentially through a hole 22 in tfa& insulation 
and. through a hole 23 m tlie tooth portion 
and communicating with the ladial shallow 
hole outiet 16. Meanwhile, at alternate axial 
bcationsj .as most clearly, seen in Fig. 4j at the 85 
second odt duct from die x^t-hand end, the 
arrangement is a lower grotp of conductors 
having longer cutouts 21 and an i^per group 
of conductors having .shorter cutouts ^20, and 
the direction, radially, of ^entilaidng medium 90 
flow adjacent the- cutout sections is reversed, 
that is, downwa^ thioqgh the upper-section . 
cutouts and t^rnaid and do^vnwaxd through 
the lower section- cutouts and -^ben thioi:^ 
holes 22 and 23 (Fig. 1) mto the bottom of 95 
die deep hole radial exit 17 m the tooth 
portion. We have found that a tangential bote, 
such as 23, can rcadOy be cut by means of an 
L-shaped tool con^arable to a -dentist drill, 
and wliicfa can be inserted eiiber in the radial 100 
hole (16, 17} or in the winding slot hself 
before the winding is placed dierein; but we 
do not mean to limit die present -inv^tion to 
the L-shaped passages thus provided since, 
obviously, diagonal passages from tooth 105 
periphery to winding slot could be used 

instead 

Referring now to Fig. 3, which is a cutaway 
devational view of a genemtor embodying the 
invention, we have sfiowii the lotor core 11 of no 
Fig. 1. In Fig. 3^ the rotor conductor bars 12 
and thdr grooves 13 aie hidden by the 
insulation 15 aldioijtgh the. rotor- gas passages 
are indicated to some-extent by the location 
of die ht^es 22 in insulation. Since the 115 
rotbr djod stamr dnes of modem large high- 
speed turbine gerierators are usually more 
tiian- 10 ft. in tengdi, thus creating qiute a 
problem in connection widi ventilation of the 
core portions adjacent the axial centre of the 120 
machine, we provide a dMerent cooling, 
arrangement for a centrfe par^ or zone, of the 
rotor core. In Fig. 3, there is indicated a 
right-end zone 24, a left-end zone 25, and a 
centre zone 26, and unlike the arrangement in 125 
end zone 24 (which is fed as described in con- 
nection with Fig. 1), and unlike end zone 25 
(fed the same as 24 except opposite hand), the 
centre zone '26 is fed partiy or, as shown, 
entirely from a sub-slot 37 '^lich extends be- 130 
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neath the winding in each winding slot for the 
entire length of the rotor^ as indicated in Figs. 
1, 3, 4 and 5. Ventilating gas is mtrodueed 
into the ends of this sub-slot and travds to- 

5 ward die centre of the rotor core as indicated 
by some of the arrows 14 in Fig. 3. The rotor 
provides a rotating field co-operating electro- 
dynamically with a stator core portion, which 
in the illustrated embodiment comprises stacks 

10 28 of laminadons interspaced by radially ex- 
tending ventilating passages 29. The stator 
cote portion is provided with winding slots 
containing the individual elements of a stator 
winding 30 around and between which the 

15 ventilating medium flows while passmg through 
the radial ducts 29 as indicat^ by a portion 
of the arrows 14. The machine is provided 
with aidal flow fans 31 rotatable wi± the shaft 
of the machine and adapted to circulate ven- 

20 tflating mcdiimi through the sub-sbts 27, the 
conductor side grooves 13, and eventually (as 
hereafter described) out to the rotor periphery 
across the so-called " air-gap/' then up thiou^ 
tbe radial ducts 29 and out of the stator core 

25 and into one or more coolers 32, with the 
ventilating medium in the vicinity of the 
coolers travelling both tangentially and axially 
until it finally returns to tiie mtaike of (me or 
the other of fans 31 provided at each end of 

30 the machine. Rotor end turns 12^ are held in 
place at each end by a more or less con- 
ventional retaining ring 33 pressed over the 
assembly and onto a centering ring 34 through 
whidi aodal holes are provided to allow intro- 

35 duction of the cooling medium (from the fan 
31 discharge) into die sub-slots 27 and con- 
ductor grooves 13. The machine is provided 
with an outer housing 35, bearings 36, and 
shaft seals 37) and> as already explained, the 

40 cooHng arrangement difFers in astial zones 24 — 
26 according to whether the cooling medium 
originates primarify from tiie sub-slots as it 
does in centre 2SQne 26 or whedier it oripoates 
from the conductor grooves 13 provided in the 

45 ddts of the conducDors as it does in end zones 
24 and 25. 

Referring now to Fig. 4, we have shown a 
diagrammatic illustxation of a portion of the 
rotor core in rig^t-hand end zone 24 (at the 

50 right in Fig. 4) and of a portion of the rotor 
core in centre zone 26 (at the left in Fig. 4). 
The anangemoit in end zcme 24 may also be 
understood from consideration of Fig. 1, and 
the arrangecDent in oeatre zone 26 may be 

55 understood from consideration of I^. 5, 
which is a pec^sective and sectional view of a 
rotor portion in the centre zone and showing, 
as indicated by arrows 14^ the ventilatmg 
medium travel through the sub-slot 27 enter- 

^ ing throng tangential hofes 23^ mto the 
' bottoms of extra deep radial passages 18 pro- 
vided in tbe tooth portions intermediate die 
winding slots. These passages 18 are even 
deeper than the longest passages 17 

.65 characteristic of the end zones (and diown hi 



Fig. 1) and are, moreover, sealed at theu- top 
ends by the threaded engagement of sealiog 
plugs 38 which cause these longer radial slots 
18 to act not as exit ducts but as entrance 
ducts from ^cfa the cooling gas kaves by 70 
way of additional tangential holes 23 through 
the tooth and communicating through a hole 
22 provided in the winding slot msuiation with 
wide conductor tongue cutouts 21 characteristic 
of a lower grotq> of conductors and communi- 75 
eating with narrower cutouts 20 characteristic 
of an upper gro^> of condnaors and then the 
ventilating medium, as indicated by arrows 14, 
traveb through die ducts 13 formed m the side 
of die conductor bars away from die centre of 80 
the machine on one side of the entrance duct 
18 and toward the centre of the machiae on 
the opposite side of the entrance duct until it 
finds its way to alternate shorter radial exit 
ducts 16 from which it discharges, in a manner 85 
similar to that described in connection with 
Fig. 1, into the air gap and then through the 
stator radial cooling ducts 29 and around and 
through the coolers 32 and back to the entrance 
of the fans at eadi end of the machine as 99 
indicated m Fig. 3. 

While we have illustrated and described the 
present invention relating to means for getting 
cooling fluid diiectiy against, current carrying 
members of a dynamoelectric madiine core, 95 
only in connection with cooling circuits from 
the rotor core winding conducti^, obviously 
die same or similar means could be extended 
to take care of direct coolmg of stator winding 
conductors as well. It will be noted that with 100 
die arran|ement disclosed, means are provided 
for permitting cooling gas to enter coolmg 
passages from favourable high pressure gas 
areas and to leave through controlled and 
selected exit areas to af ord efficient use of the 105 
cooling properties of the coding gas. The shape 
of the ventilating grooves tn the sides of Ae 
conductors can be of any suitable configur- 
ation, and grooves connect directiy with 
the end structure of die machine boaeath die no 
retaining rings to permit the gas to flow into 
these conductor openmgs. While the conductors 
are shown recessed m rectangular areas for gas 
passage bemeen grooves, the areas could be 
ckcular or of another shape and serve just as 115 
weil to distribute the ventilating medium 
adjacent the exits (or entrances) comprismg 
the radial holes drilled in the tooth and 
tapped through the slot wall and insulation. 
The recessed areas serve an important 120 
fimction in allowing more than adequate 
creepage distance of insulation between the 
metal of the core 11 and the metal of die 
conductors 12 adjacent the openings 22 in the 
msuiation. It is to be particularly noted that 125 
with the arrangement of the invention, diere 
is no sid>stantial narrowing of the flux carry- 
ing area of the tooth intermediate die wtndiag 
slot because the usual axial ventilating 
passages m sudi teeth have now been elimin- 130 
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ated and because the radial ducts throug^i extending dirough the core Mow^ the aJots and 

the teeth will have no appreciable efifect on communicating tfaroiigh inlet dotpassag^ with 

flux carrying ability since tiiese radial h les the conductor grooTes at pdsitipns ^aced from 

are axially spaced by an amcmrit relatively the dischiuge ports, die walls bordering die 

5 great compared to dieir own width. Because slot grooves bobg cut away to pipvide 70 

the arrangement of the inventiop allows smaller passages between die amdnctor and slot sides 

machines for the same rating, it bias the in the ndgfabouthood of die inlet slot passages • 

important advantage of resulting in a sub- to enable inlet gas to be fed to all the con- 

stantial saving^ in copper and in s5^ ax4 there . dudDr gro 

10 is thus provided a deyioe of the. cbaxacter . A dynamo dectac rinjaghiTH* as claimed in . 75 

described capable of meeting the obfects here- Claim 5, in which cooling gas fed. to . the 

inabove set forth. ooadjactm 

While w& have illustrated ^and described- a. „ . tiie. rotor and discharged thoefrom along the 

particular, embodinient of. 2nveatioa> various two end sections. 

15 modifications will obvioi^ occur to those 8, A ventilating arrangement fox a. dynamo 80 

skilled in the art ^ electric machine having annular magnetic core 

Whatwedaimis:— provided with axklly extending witidmg 9lpts 

L A dynamo dcctric marline having a defining, treth therebetween, and Imving a 

stator meinbcr and a oo-c^erating rotor mem- winding comprising superposed conductor ters 

20 ber with said stator, said, naeixibers eacfaJbavmg azianged in said slots with abt insulation b^-* 85 

a core and windmgs compri^ insulated toi^ iween die walls of each slot and the super- 
ductor bars carried in slots. in said core, and. posed conductor bars thereii, said conductor 

at least one of said ojembers haying ventilating • bars having anally extending grooves delBnkg 

means induding the prov^ion of cut-aTOy tongues oi: tiidr sides adjacent said msulation, 

. 25, «des in the . conductor .bars to provide Iddgi- ftn . means- for introducing venitilatmg gas to on 

todinalfy extending grooves bctweea the ccn- die oids-^ the said grooves; :said conductor - 

ductor bar material^ and the slot iosnlationj bar tongues bdng cut away at spaced axial 

means fjff introducing a. coolant tojsald intervals to provide «dt areas, and said teeth 

longitudinal grooves, and ladial piasKtges ex- having a plurality bif outlet passages ieach 

30- tmdin g tfoough the' adjacent cote teedi q)cning at one end at die periphery -of said 95 

. 4secween the longttudmal grooves and rotor im each conimunicating at die otiicr 

:tiie. core face bordering the/air jgap ^ «nd throudx said insulation with at least one 

charging the gas from the bngitudmallgrboves. of s^d mt. areas for allowmg said.tSntikting 

2. A dynamo electric machxne as damaed in . -gas to kavt said ^grooves intermediate jdMi. ends 

35 Claim I; in wHch the rotor fe^ -of said coze. - 100 

knratudinal grooves in the condactar.^ules. and - 9. A ventilating aoangement. for dyfiamo . 

disduuge passages through the. craetBtth. dectric " madiine having aniular rotor 

3. A.dynamo electric machine as claimed in -cqre member , provided witii axiaU 
Claim 1 or Claim 2j in \diidi die longitcdinal extending winding slots -aiid ' having a . 

40 grooves'in die conductor 'ddes define side walla Winding cbimmsing superposed conductor 105 

abutting against the dot insvdation, wMdi walk bare amnged in said dots with .slot 

. are cut away in the nei^boorhood of the dis^ msdation between the: walls of web 

charge passages to provide radiaUy extending dac bare thcadUa said bars having liicir sides 

passages connecting a number of kngitixdinal provided with Jaiiially extending grooves 

45 ^oves widi a disdiaijge passage. ■ definmg visntilating passages intermediate no 

4. A dynamo electric madupe as churned in .ttmgoes adjacent said insulation^ said core 
Qaim 3, haying ports .in tiie ddes of the core meinber . being p^vided witb additional 
dots providing commnnfcation between tiie vehrifatfng .passages in the form of sub-slots 
longitodmal . grooves and radjU dikharge located beneath the conductor bar occupied 

5jQ passages in the cqib teedj, successive ports winding slota; said tongues bdng cut away at iis 

(taken in an axM ifirection) bommiinfcating axially spaced intervals to provide areas iot 

ahcmatdy widi the c^per and lower parts of gas passage .radially between tbe grooves of 

the doi^ and the conductor ^ove. walls being ayer posed conduaor bars,, fan means for 

cot away, to provide radial jpassages .. between . hxttbductiig -ventilating inedmm to the mal 

55 the ^fes of tbe conductor md the dot. sides ends of said sub-slots, a plurali^ of radial and 120 

connecting all liie longitadixial grooves along tangential passages through said, cm at 

one side of a dot dis(£atge pcfft. . axially spaced mtervals between said winding 

5. A dynamo dectric machine as claimed slots with some of ^d plurality of passages 
in Claim 4, in which eadi radial passage dong communicating between the sub-slots, and die 

60. the conductor sides is. -relativdy large along areas for gas passage between grooves mi an -125 

the part (i-e. upper or lower part) of the slot axialfy centre zone of sdd .rotor core; and 

with which the discharge port communicates, other of said plurality of passa^ oommuni- 

and is rdattvdy smaller ilong the other part eating between tiie rotor outer periphery and 

6. A dynamo dectric'machine as claimed in areas for gas passage between grooves in ead 

65 any one of Claims 2 tt> 5, induding axid ducts 2one$ of said rotor core such that the ventU- 130 
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ating mediuffl will travel through said grooves 
and tfaiough stud sub-slots and is the end 
zones from said grooves ibrough some of said 
areas and through some of said tangential and 
axial passages to the periphery of said rotor 
and in the centre zone through some of said 
tangential and axial passages to other of said 
areas and into the adjacent grooves, thereby 
permitting said ventilating medium to entei 
said grooves adjacent the conductor bar 
material from high pressure areas and to leave 
said grooves through controlled and selected 
exit areas to ensure ef&dent use of die cooling 
properties of the ventilating medium. 



10. A dynamo electric machine as claimed 
in Qaim 1 having ^ stator formed with 
longitudinal grooves in the conducts sides and 
discharge passages through the core teeth sub- 
stantially as described. 

11. A dynamo electric machine having the 
rotor arranged substantially as herein 
described with referenoe to the acoonqunying 
drawing. 

J. W. RIDDING, 
162, Shaftesbury Avenue, London, W,C2. 
Agent for the Applicants. 
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